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On Mouilia frnctigena. 

TAMES ELI.IS HUMPHREY. 


WITH PLATE VII. 


During the past fifteen years or more, attention has several 
times been directed, especially by American writers, to a 
parasitic fungus which causes srreat destruction of the fruits 


o certain cultivated Rosacaz, chiefly Pi'iine<2 and Pomece. 


It IS most common on the stone-fruits, so that the affection 
to which it gives rise is ordinarily knowm in America as the 

brown rot of stone-fruits.” 


This fungus has been called by 


Pers., 


as 


P 


id a fructigena Pers., 
fni ctigen u m L k., 

Thiim.. 


osporiu rn p 


... . „ - -, Oidiiim laxuvi Ehr., Oidi- 

um Wallrothii Thum., and Oospora f 

appears to have been first named To^ _^.^. _ 

subsequently transferred by him’^ to the genus 


Ilia fi 


It 

Per- 


Ti, •• ^ ^ f ^ time regarded as a saprophyte and von 

Hallier"* seem to have been 
c ' H importance. 

the^^ effects more fully, bringing out more prominently 

truly parasitic nature, and its claims to 


the first to point 
Thiimen subsequently® dis- 


Yet the chief 
brief mention or 


be r - Liuiy parasitic nature, 

^ ^disease-producing organism. 

^ plant diseases pass it with very .. 

recop*^°*^^ even at present, it does not appear to be 
fiilUf Europe as a source of loss to the extent that is 

justified by its . 

desc ribed by Peck, 


ravages 


in America 


Here it was 


I 

7 

% 


Sv ^^''' -179^ 

Oesterr^\ ’ P- ^ 3 - 1801. 

'Wiener'Obsf-'^u *^^ 5 . n. 41. P- 484 

pnm- V ^®*'^®®’Zeitung, 1876, p. 117. 

'• P- 22: 1870. ^ ^ ' 


in 1881, and by Arthur,in 1884. 


6 

4 

7 


34th Rep't N Y * 

4th Rep^N «" 

7-Vol vvT,. ^’‘P- - P "54. 

' ''01- aVIII.—No. 3 . 


p. 35. See also 43 rd Rep't do. p. 6 . 
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Subsequently its structure, as well as its disease-producing I 
capacity and its means of dissemination and survival, have 
been studied by Galloway,® Smith® and the writer.*® Vari¬ 
ous other accounts of its attacks, with recommendationsa> 
to the best means of av^oiding them, have been published 
chiefly in experiment station literature, and need not be more 
precisely quoted here. Neither need the results of studie, 
bearing on the prevention or avoidance of the ravages ofthi; 
fungus be discussed, since our present concern is witbte 
structural relations. 

The fungus, which, as Galloway** and Smith*' have shows 

may attack foliage and young branches, as well as fruits- 
appears externally in the form of ashy tufts. Each tuft coo* j 
sists of a very large number of threads breaking throughs, 
common rift in the surface, and extending to a short distaoc. 

in either direction from this center. These threads are muu 
branched and consist of chains of ovate or oval thin-'W^h^ 
bodies, strung together in moniliform rows, which ina)'h' 


termed, in a general sense, spores (fig. v 

The spores are formed, not by successive basipetal 


1 ne spores are formed, not by successive basipetal ' 
strictions of a hypha, which has previously reached a det 
**^***^te lenp*th. but bv* i-x»%#-1i ,-1 rr t^ocifiHTal sue 


^ >vinv,ii lias picviuusiy n^cn.itv.v> 

rninate length, but by repeated budding in basifugal suc( 

<;ir>n o/-\ 4-U^i. i.1_1 • f • - - .-lAU'i 


^on, so that the terminal joint or spore is 
Occasionally a joint may broaden at its end so 
apical angles, and may then produce a bud 

rise to the 


the neW' 


these angles 


that it has 

eacl 


from 


or 


2), thus 


branching of the thread, 
always originate. 


giving 


dichotoiT 


reaa. It is in this way that the bram 
After the formation of a thread of gte 
or ess ength, according to circumstances, the separate 
or spores mature, and then separate from each other 
rea i y. Thus, while the growth of the threads is indeter 
a e, t eir length does not become great in nature, app^ 

influence of the weather is to hasten their 1 
But in a moist chamber, where these disinteg 

Ipcc conditions favor very 


\ 

\ 


ing up. 


forces are less active and 


,.u L aim Liie conaitions 

become extremely long. 

/"i r ? ***^^*'nal mycelium of the fungus consists 
yiindrical hyph ae, which ramify through the tissues 


of St 


9 


‘ fou';’ ' r.r ■ ■ y**’ 

8th Ren’^ m' ’ VII. 36. 1890 and 1892. 

■■ Uc S p. 2.3: .89.. 


** Loc. cit. 
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host, and, breaking finally through its surface in fascicles, 
pass directly into the external spore-threads. 

The mature spores germinate readily under the influence 
of warmth and moisture, and produce short threads which 
ordinarily perish after a few days in water that contains no 

available nourishment beyond that stored up in the spore, 
n a natural or artificial nutrient substratum the germ-tubes 
grow rapidly, penetrating and ramifying through the sub¬ 
stratum and soon breaking out through its surface in tufts of 
spore-threads. Since the spores germinate so readily and .are 
so t iin-walled, it has been assumed that their vitality is of 
rie duration and that they constitute a so-called conidial 

some fungus, perhaps one of the Ascomycetes. 
oronin has suggested* ^ that it may bear such a relation, to 
some tie)otiHia. In the absence of knowledge of its affini- 
ics It las been classed among the imperfect fungi, being 

placed by Saccardo * ^ in his Mucedincac c 

bmith has lately observedthat the 


sp or^ 


j. .. .. --- .-next n,,. spores retain their 

least in some cases, for a long time; and both he 
le present writer*® hav'e found that the dried tissues of 


fruits spoiled by the 


(fi 




3 J, and 


fungus 


contain a 


ilcmmae ffi-- 

The ' 


resting 

resting 




se 


from 


to 

the 


mycelium 
bodies or 
mycelium. 


even definite thick-walled 

4). probably developed 

prom periods of unfavorable conditions and 

ditio ^ *^*^e to new spore chains on the return of con- 

beenavorable to vegetation. Thus, when a fruit that has 

mummified by the fungus is gathered in winter or early 

Commonly sends out 


} ) 


sends ^ 
the 


to 

new 


same 


thing 


spore-chains of the 
in the moist chamber. And 


'veathe h-. occurs spontaneously in nature when the 

4 hese fa warm and damp enough, later in spring, 

the hist^^ ^ ^way with a necessity for any other stage in 

^ plant and make it possible to believe in the 
ftonomy of the form under discussion. 

This i K ■ f • 

fungus' It present status of our knowledge of the 

the signifi object of this paper to describe and discuss 

—_ cance of certain previously undescribed structures 

Petersburg, 

‘Mourn At IV, 34 ^ 

36; .42. 
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that hav'e been met with in the course of a series of cultures 


of the form. When a mummied fruit is placed in the moist 


chamber, it not infrequently happens that it fails to produce 


spore-chains, and to the unaided eye gives little evidenceoi 


any change. This occurs especially in 


late fall, soon 


after the cessation of vegetative activity. 


But if the surface 


of such a fruit be examined microscopically, it will usuallyuf| 


found that the mycelium of the fungus has given rise to im¬ 


mense numbers of closely-set. 


flask-shaped sterigniata, re- 


As/f 


Each of these produce 


at its outer or neck end small globular spores of about 3/nn<i:- 


ameter,every one of which contains a conspicuous oil globule. 


One rarely finds more than one of these attached to the 


sterigma, but their vast number and the occasional obser.'!- 


tion of several still united shows that they must be produceii 


When some of these 


Aspei ^ 

spores are sown on nutrient gelatiB*| 
they germinate readily, first swelling to double their formf' 
diameter, and produce abundant mycelia (fig. 8). Aftc^‘ 
few days hyphae emerge from the surface of the gelatine 



Monilia 


fic identity of the two spore-forms. It is noticeable that 



much condensed globular spores increase largely in volui^^ 




taking up nourishment, while the Monilia spores, origii^^ 


f 


li 


much larger, undergo no increase 


in size. 


A culture made in the fall of 1890, on prune-gelatine 


I 


iVlt' I 


Monilia spores, at first produced the usual spore-chains • 


continued to grow until the nourishment contained 


in 


small drop of gelatine was exhausted. At 



'hole of 




from the beginning of the culture, during the w ^ 

the atmosphere of the moist cbamber had been hardly ^ _ 
di.sturbed, it was found that some of the chains remained -' j 
quite long, while some had broken up spontaneously 

constituent joints. Numerous separate spores lay ^ 
the surface of the shrunken and exhausted gelatine 
upon the supporting glass slide. Both of these surface^ 
only slightly moist, but a number of spores were foun*- 

the Monilu^ sr 

doubted, since they agreed completely Ljj^ 

- chains near by. yLmie- 

conditions presented, of moderate moisture, lack of n ^ 

ment, and perhaps others not recognized as imporf^^ ’ 


germinating upon them. 


cannot be 


That they were 


respects with those still 
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Each 


one or two flask-shaped outgrowths each. 


germination was quite different from the usual form. 

spore gave rise, from any part of its surface, to a single germ- 

tube, or very rarely to two, which became cut. up by a few 

transverse septa. In most cases one or more of the basal 

cells remained sterile, while some or all of the others produced 

At the top of the 

neck of the flask were formed, in each case, globular spores, 

2.5 to 3A< in diameter, of which not more than one was ever 

seen attached (fig. 6). These spores were also found fallen 

from their attachments and beginning to germinate (fig. 6, a). 

In other words, these germ threads from the Monilia spores 

produced precisely similar structures to those which we have 

seen to be sometimes produced by the resting mycelium at 

the surface of the natural substratum. While these spores 

can germinate without nourishment, they suffer no prelimin¬ 
ary increase in size. 


and on slight outgrowths from its sides, long chains of 

In this case the spore-chains, having 

though 


On prune-gelatine they swell and ger¬ 
minate as above described. Though their development could 
not be followed through, there is no reason to doubt that it 
agrees with that already outlined for this spore-form. 

On another occasion, a stout hypha in a culture on prune- 

gelatine was observed to produce, at the ends of short bran¬ 
ches • - 

similar globular spores. 

^^*^5 '^*^^isturbed, could be plainly recognized, 

^ cy readily fell into short sections or into their component 
sp eres (fig. 7). spite of the absence of distinct sterig- 
mata, it seems probable that this is essentially the same form 

previously described one, since the spores are produ- 
ce in the same way, are of about the same size, and contain 

^*'"^"l‘'^‘‘‘'^cteristic oil-globules. 

en Mo/ll ha spores are sown directly' upon the surface of 
^u ricnt gelatine, they quickly develop a mycelium and spore- 
•uiis, as has been said. Several times I have observed, 
ta "'here some spores 

gelatine drop, that the threads 
Iv slowly'^ toward the drop, when they final- 


had been sown a short dis- 

drop 


reached it be 


"^rjrc rapidly 



an. as was to be expected, to grow much 


Eut, instead of remaining naked threads, they 

o 


prodncffl K ^ '' 

^earl • 11' - ^ sort of budding from various points or from 

^ Points along their sides, oblong bodies, as shown in 

prociuc , these bodies were "far more abundantly 

^ than is shown in the figure, so that they^ almost 
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completely filled the gelatine over considerable areas. Unfor 


tunately, their future fate and their capacity for germination 


were not determined; but that they belong to the 



cannot be doubted, since the threads which gave rise to them 


were seen to originate from Monilia spores in pure culture and 


the same threads were traced through the gelatine to poinU 
where they emerged from the surface and became 



chains. 


-V w w V M V 

In examining the significance of the phenomena described, 
we are led first to ask how the various structures described 
are to be regarded. It is evident that the spores of the 

Monilia chain are not conidia in the truly morphological sen?c 

is, they are not 


in which Brefeld uses*^ the term. 


That 


spores produced in fructificative fashion on specialized spore 

simply slightly individualized 


bearing threads. 


They 


are 


portions of mycelium with the form and physiological charac 

^ ^ _ I ^ W % ^ __ ft 


teristics of spores. 


Though differing in the 


details of their 


'ph 


stitute the old genus Oidiuni, they are morphologically slniiia- 

to them. A.,,1 :„.j—I , , - .. 


And indeed, as above noted, some writers havein 

As Bre- 


eluded the present plant under that generic name, 
feld has shown, all these ‘ ‘Oidien-ketten” are to be regarded as 
the simplest type of chlamydospore formation. A consistent 


o! 


terminology will, then, designate the common spores 
onilia fnictigena as chlamydospores of the most primid''^ 
type, for which we may retain the name Oidium. Bntt'e 


name must be understood 


systematic sense. 


in a mor 


^ ■ ■ ■ ■ V W V ^ V ^ V W ^ 

phological and not in 


In 


. . - Ul uui 

o ong bodies described last and shown 


of the 


in 


firr 


full^t 


view of the incompleteness of our knowledge 

' seem’ 

• - 111 

cst merely to record their occurrence and to await 
in ormation as to their early and subsequent history, 

- -.. significance. 

.seems probable that they have there’ 


"" iy clliu bu 

attempting any discussion of their 


- . pro.able that they have reproductive capacity, tlie e 

itt e evidence on this point either from their ovv'n deve t>r 

^^ M. ^ m ^ ftiA 11. 


-- yjii HUS point eitner trom their own . 

ment or from analogy, since one hesitates to homologize tne 


fully^ with other described organs of fungi. 


abo''"^ 


1 k j other hand, the spores of the .second form ^ 
gscri e are produced on distinct, if short, sporophores 3 ' 


and 7 uSd?m^nrn‘^®"’ d. Mykol.. 7. 244. This clea'-Iy — 

osDore K ^ ^ nn^rtant distinction between theconidiuin and tbec 


rasM 


ospore must be generally recognized. 


i 




■ 


» 

\ 


I 
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constitute a true fructification. 


They are, in any point of 


view, to be called conidia. Furthermore, the homologies of 
tins form seem to be clear. Tulasne^* has figured similar 
structures which he observed on the mycelia of Peziza {Scle- 
r^tiiia) tnberosa and of the closely related P. bolai'is and 

Brefeld^ ^ has found them in his cultures of 


Purienana. 


otinia tubci’osFLtbcrtiana, and DeBary*® has seen 


them in the latter species and Scl. Fuckeliana. 


Zopf^^ saw 


very similar structures on the mycelium of CJiactorninvi, and 

\ \ T • m ^ ■ 


Woronin'^ 


in Soi'darta. In all of these cases the 


general 


IS 


the 


structure and mode of development of these conidia 
same. Tulasne found them rather sparingly produced on 

> oung germ-tubes developed without extraneous nourishment, 

just as did the writer in one instance. Brefeld and DeBary 

very abundantly in cultures on nutrient media, 
'' 1C 1 was once the writer’s experience. When developed 
roin a resting mycelium, they are produced almost as abund- 

unr 1 1/ nc? ..1. * •. AT • 1 ^ r 1 

IN either of the writers mentioned 
germination of these spores. 


antly as on nutrient media. 

^bove was able to observe the .. 

wcie classed b}^ DeBary-^ as “doubtful spermatia, 

his well known views concerning the 

It is cer- 
Monilia 


pica ly sexual character of the Ascomycetes. 
a •^hat the conidia associated with 


readily and produce a 

^^lonilin chains, ' 


prob”bN above described. This fact makes it 

funti^ ^ ^ corresponding forms associated with other 


mycelium 
This fact makes 


and 


are also to be 

micro- 



rcp-arH Sclerotinia .species, die ctisu 

conidial ^ ^^oi'phologically and physiologically as 

devt lf,r ^ although the conditions of their further 

'’“^lopment still remain unknown. 

'k- it tbc several species of Sclerotinia which 

Woronin?. Opea,. y me, 

clos 1 ^ chlamydosporic stage of Scl. Vaccinii that 

^ *’j^cmbles that long known as Monilia or Torula 

^ ^ fU some respects more highly differ- 

r, especially in its development of 

ia, III, t. 22: 1865. 


fruits of European Vacciniinn species, 


than the latte 


Hot 


nters 


Morph and B!nT P 

Iir''.'® Acta A. r I n °It ^884; Eng. trans., 243. 


Heitr z Mornh ni. ‘’^uii, no. 5: i88r. 

^ ‘ **■ d. Pilze, nr: 1870 . 


Also, Die Pilze, 453 : 189 ^- 


L d D. Bof r- 11 

Vli x.xxvf^ HQ ^ ^^^ 5 * Also, Mem. Acad. Sci. St. Peters- 
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cellulose plugs between the spores, which by their growth 
force the spores apart and so serve to disseminate them. 
This plug, called by Woronin the disjunctor, is not in aoy 




Yet the whole habit of 


^ i ^ ^ ^ ^ c• JL L> ^ X X Y V XX X X1CX ^ ^ 

growth and the general mode of spore-formation is so similaf 

in ^ ^ 1 ^ ^ f 


. . , ,-^ Woron.„„ - 

t icir possible near relationship. The probability of the cor¬ 
rectness of this idea is still further increased by the observa¬ 
tion of the microconidial stage above described, although 
none such is mentioned by Woronin as belonging to either 
species of the group of Sclerotinia Vaccinii. For the occur¬ 
rence of such a stage in the commonest and best 
species of Sclerotinia with conidia of the Dotrytis type" 

a or s ground for the belief that another species possessing 
it may be a Sclerotinia, also; and the combined evidence of 
t It. microconidial and chlamydosporic stages is v'ery strong 
ssuming for the moment that the forms above described nre 
imper ect stages of a Sclerotinia, the microconidial forin con- 

i._ 



interesting "’'nv. 
those possessing macrO' 


nects the two groups of the genus in an 
bringing more closely together 

conidia of the Botrytis type and those whose “summer 
spore stage is a chlamydosporic one of the Monilia type. 

s o t le actual existence of a perfect form of Scltrotm^'* 
• 1 our M. fructigena belongs, it can only be said ths* 

^ examination of a very large number of fruits in ^ 
ges of disease from the attacks of Monilia, at all seasons* 

never seen any trace of sclerotia or spore-cup^* 
^uch been mentioned by other writers. ^ 
P^^etty certain, in view of the attention tf^^ 
nfn^ received in recent years, that the developm>-’3‘ 
DoinhVi '^ ructures is exceedingly rare, at least. As has b^^® 

m -in ' fungus commonly perpetuates itself 

sclcrori-T* */i‘^ resting mycelium, and the development 

oVtl.: unnecessary to the preserv^ 

v-^ne may therefore be quite justified m 

have the porsi>tc 

stas^es of a Sclcf'-^^'^''^' 


of the species, 
belief that in Monilia ^fnictigeim 

I ^ ... d 1 at 1 


we 


allied to 6'. 
Ucallv 


l^accinii, whose perfect stage has become pr^‘ 


coDidial form 


At . . -'O VI. luc iviilb2>clUiiU3c;vi.j --O 

^nat u IS probable that Str/, Liberiiana possesses 
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I have not been able to examine the larg^e number of forms 
included by Saccardo under Mouiha. Of these it is probable 
that many have no real affinity with that above discussed; 
while others may be closely related. ‘Such appears to be the 
ca.sc with a rather common form which attacks the immature 
iruits of Primus serotina and related species, forming delicate 
w ute tuft.s, with spores very like, but somewhat smaller than 
ose of M. fructigcna. This is probably the plant called by 
‘-iccar o Moniha Peckiana, var. a/igustior. The few cult- 
wres^ lave been able to make have yielded only the common 
Tore c lains, but the form will probably repay further investi- 
a ion as to its pleomorphism and its affinities. 


HcigJi 


Explanation of Plate VII. 


2. hyphae passing into branching spore-chains. X540. 

i<Tminal angles nf ^ ^P°‘;®'<^hain. showing the origin of branching from two 
f-'iK. ’ Riu / ^ cell. X 540. 

X540. ^ ° resting mycelium from the flesh of a “mummied” plum. 

S- the same source. XS40. 

btine. n, X540^°*^ <2 spores, with oblong bodies dev'eloped within the 

.P‘g. 6. Three 

®jcroconidia n producing germ-tubes with sterigmata and 

Pig 7 Chain!' f conidia. X940. 

Pig- 8 Microconim Monilia hypha, in culture. X540. 

^940 a afjgj. 2 nutrient gelatine, b, after one day, 



^"on*|)arasitie bacteria in 


vegetable tis.sue. 


1 


II. L. RUSSELL. 


1 ^ 

”uhrir tissues of the animal body 

the evident 'tu ^ ^t^te are perfectly free from bacteria 
life is ^ the same is true in regard to 


‘‘''•■'stiotsouniinimZ '■^sard to vegetable 

•tkeniion at th*^*^*^^’ ^ subject has received considerable 

if.. , . ‘tt LHe hand® 1 . . ..... 


•It thp Lit, I r 1 

of observers 1 * ^ bacteriologists and while the major- 

'®g<-*lablc tissu ‘ that bacteria are to be found in 

i^ougbt forward 4. ^ healthy state, some proof has been 

a course of a conclusion ^ 

———_ experiments, which have been carried on fof 




<he Ro'cheste/in^'^;. 

'Meeting of the A. A. A. S., August. 1892. 















